In controUed experiments specimens of 3 genera of nics Musea, Ca l/iphora and Stom oxys proved capable of taking up re latively large numbers of solid staining AFB and globi fro m infected nasal mucus fro m untreated lepromatous patients and ais o fro m the su rface of ulcerating highly infiltrated sk in and nodules. Both Mus ea and Ca lliphora are capable of de positing these on distant surfaces. BaciUi can contaminate the mouthparts of Stomoxys after feeding on nasal mucus and ulcers, and this provides a possible means for direct inoculation of My co. leprae. Flies may thus have an important role in the transmissi on of leprosy, the "infectious" patients fro m this angle being the one with positive nasal mucus or highly infiltrated and ulcerating skin. Every effort should be made to co ntrol flies in and around leprosy units.
In considering the possible role of arthropods in the transmissiol1 of leprosy, attentiol1 has focussed on various types of biting arthropods (Dungal, 1960; Narayan a et aI. , 1972) . Before My cobacteri um leprae can be injected into a re cipient they must first be ingested by the insect, and the source of such bacilli has been assumed to be either the fe w organisms which might adhere to the mouthparts during puncturing of the skin, or else bacilli circulating in the peripheral blood of lepromatous patients as demonstrated by Shankara Manj a et aI. (1972) and taken up with the blood fe ed. It would seem probable, however, that large numbers of bacilli would need to be taken up by any potential vector in order that it migh t by natural means transmit an infecting dose.
There is one group of insects, well known as potent spreaders of many infections, which is invariably and alI too ab undantly present wherever there is leprosy. This group comprises the several genera of flies, amongst which are the housefly (Musca), the bluebottle (Calliph ora) and the biting stable fly (Stomoxys ), alI of which are known to spread a variety of infections owing to their habit of fe eding on human and other excretia and mechanically trans porting bacteria to food or onto wounds (even very minor breaks in the skin surface). Infection is transmitted mechanically by flies on their fe et or by the excretion of ingested organisms in their faeces or in the drop of liquid that is regurgitated to moisten their fo od while feeding (Dav ey and Wilson, 1965) . In addition, the biting Stomoxys could introduce bacteria into the skin whilst fe eding, and it has been observed at this centre that infected fly-bites form a major cause of skin sepsis presenting in out-patients during that time of year when these fl ies abound. Pedley (1970 Pedley ( , 1973 showed that very considera ble numbers of My co. leprae were discharged from the noses of untreated lepromatous patients, and Davey and Rees (1974) sh owed these to be viable outside the body for 1.75 days, and even in one case for 7 days. Such nasal secre tions could readily be ingested by flies or adhere to their fe et, and would form a far more concentrated reservoir than bacteraemic blood or the relatively few bacilli which would be encountered during skin puncture. If it could be shown that Myco. leprae in sufficient numbers are carried by flies having fed on such sources, then the possib il ity must exist of organisms being implanted into broken skin surface by the insects or even injected into the skin if they are present on the mouthparts of St omoxys.
Another major source of bacilli is the exudate fro m ulcerating nodules of some highJy positive lepromatous patients.
The purpose of this work was to examine the possible uptake of My co. leprae from these two sources by 3 representa tive flies-Musca, St omoxys, and Calliphora -and also to exanúne whether St omoxys can pick up bacilli when biting on intact skin. The question of whether flies actually transport bacilli from these sites to others was also examined.
Method
Flies of genera Musca, St omoxys and Ca/liphora were captured away from the hospital. Numbers of each species were killed and the whole insect crushed and homogenized. The homogenate was stained for mycobacteria (decolourizing with acid alone) and a careful microscopical search carried out. This involved in each case a search of approximately 2000 fields before assessing them as .n egative.
Nasal mucus was obtained from untreated lepromatous patients. Spe cimens were copious, purulent and fluid, and exhibited large numbers of My co. le prae. Within a month of starting treatment the nasal discharge became significantly less copious, had a lower bacterial load and was less readily ingested by flies.
Living flies were placed in separate large containers toge ther with heavily bacillated nasal mucus smeared on a square of gauze. Granules of sugar were also placed in the container as an altemative food source fo r the flies. The flies were observed to feed voraciously upon the nasal mucus, generally prefering it to the c1eaner food source. Often they placed their fe et on the mucus whilst fe eding.
After feeding on the mucus the flies we re transferred to other containers. Some were killed and examined immediately. Others were kept alive for variable periods, being fed on syrup, before being killed and examined. The mouthparts and the legs were dissected from the flies and crushed into a small drop of saline to free any adherent bacilli. The gut contents were extruded and a smear made. Mouthparts, legs and gut contents were examined separately after staining for acid-fast bacilli (AFB). Although no AFB were found in any of the control flies, it is possible that a fe w saprophytic mycobacteria could be present on occasional flies, and to exc1ude this possibility decolourization was carried out subsequently with acid-alcohol. In order to investigate the uptake of bacilli from ulcers and skin, flies we re placed in containers over areas of skin of Iepromatous patien ts including ulcerating nodules, and in the case of Sto moxys over are as of intact skin. They were Ieft in position until the flies had been observed fe eding, which in ge neral they did readily. To reduce the artificial element in this work, certain of the flies which spontaneously alighted and fed on the ulcers were killed and examinp.n .
Results
No AFB were found in any of the controI flies of the three representative genera chosen-Musca, Stomoxys or Calliphora.
( a) UPT AKE FROM MUCUS FEEDING Results are tabulated in Table 1 . All flies of the three genera examined within one hour of fe eding were found to have taken up bacil li from the nasal Bacilli were also found on the mouthparts of 9 of the 13 flies and on the legs of 10, 4 of these having globi present and one having as many as 41 globi, although some of these were smal!.
Solid staining bacilli persisted in the gut for 3 days. At 24 hours they were present, often in large numbers, in the guts of all 8 fl ies examined . Thereafter there was a rapid diminution in. nu mbers, one of the two fl ies killed arter 48 h had a fe w bacilli, and whilst ali 3 flies examined at 72 h did have bacilli in the gut, only 3 solid staining bacilli were detected in one and 6 in the other. The third , however, still contained 8 globi.
Bacilli were still present on the legs of one and in the mouthparts of 3 of the 8 fl ies examined at 24 h. They were also present in the mouthparts of one fly after 48 h. Stomoxys. Being a smaIl fly, as might be expected, fe wer bacilli were to be fo und afte r fe eding. Even so, ali but one of the 8 exarnined were found to have taken up bacilli from the nasal mucus, and 3 of them contained globi, one after 24 h. If these flies are potelltially to inject My co. leprae into the skin, the numbers of bacilli fo und in mouthparts are important. Solid staining bacilli were fo und in the mouthparts of 4 out of 6 Stomoxys flies tested immediately arter a meal of nasal mucus. One globus was found.
Ca llip hora. Results obtained with bluebottles cIosely approximated to those obtained with the large numbers of Musca. Two of the 3 examined shortly arter feed ing co,ntained very large numbers of bacilli, especially in their intestinal contents. Two had bacilli on their mouthparts one with 7 globi. Globi were also fo und on the fe et of 2 of the 3. More globi and solid bacilli were fo und on the fe et and mouthparts of these 2 bluebottles than on the equivalent sites of Musca or Stomoxys. Excretion of bacilli from the gut appeared to proceed rapidly, although small globi were stiU detectable in the guts of the two Calliphora examined after 3 days.
(b) UPTAKE FROM THE SKIN
No bacilli were found in any Stomoxys feeding on the intact skin of rnild lepromatous volunteers (BI between 2 and 3). In the case of 6 Stomoxys placed on the earlobes of a high1y lepromatous patient (BI 5.2), solid staining bacilli were fo und in the intestines of 4 fl ies after biting. Numbers of solid staining bacilli were low, a total of 20 in the 4 positive flies, with a maximum of 9 in any one fly. No bacilli were found in the mouthparts of the flies tested. The uptake of bacilli by Stomoxys fe eding on u1cerated skin was greater, and solid staining bacilli were detected on the mouthparts of 3 out of 5 flies. There were 25 solid staining mycob acteria present on the mouthparts of one fly. AlI 5 of each Musca and Ca lliphora which were killed after fe eding on ulcerating skin of the highJy bacilliferous volunteer were found to contain bacilli, and these were present on alI 3 parts examined -Iegs, mouthparts and abdomen. The number of globi taken up seemed to be lower than the uptake from nasal mucus, but one Musca was fo und wi th 15 globi in its intestinal contents and 3 on its mouthparts. This f1y happened to be one which had spontaneously alighted to feed on the ulcer and was killed at the conc1usion of the meaJ.
Do Flies Transmit My cobacterium lep rae ?
Having shown that flies of the 3 genera studied can take up AFB, the question remains that if they are to be considered vectors they must be shown to carry the bacteria from the source to a receptor surface, and there deposit the bacteria. In order to demonstrate this, microscope slides coated with aJbumin were placed at one end of a large container and a small quantity of nasal mucus was placed at the other en d. A fe w grains of sugar were placed on the slides, and pairs of Musca or Calliphora admitted to the containers.
The flies fed re adily on the nasaJ mucus and freq uently aJso on the sugar grains, altemating between the two over the course of 1 or 2 h, at the end of which time the slides were removed and stained. Of the 10 slides examined, only one showed no AFB. Globi were presen t on 6 of the 10 slides, and 2 of the slides, both of which were in a container with 2 Calliphora for a 2 h period had solid staining bacilli, and often globi, in virtually every part of the slide examined.
Discussion
The acid-fast bacilli in the nasaJ mucus of untreated lepromatous patien ts have been shown to be Myco. leprae capable of inducing infection in the mouse fo ot-pad (Davey and Rees, 1974) . Whilst some 300 different species of acid-fast bacilli are known, the number which re tain stain when decolourized with acid-a1cohol is smaJI and inc1udes My co. leprae. This fa ct, the absence of any mycobacteria in the controls, and the demonstration of gl obi in a large number of the flies exarnined after fe eding on nasaJ mucus or u1cer exudate from lepromatous patients suggests that at least a large number of the bacilli demonstrated were Myco. leprae. Of these a great number were solid staining, suggesting viability, but confirmation of this must await the results of mouse fo ot-pad inoculations.
In view of the known methods of spread of bacteria by flies-on the fe et, in the faeces and in the "vomit drop " secreted during the course of fe eding, and in the case of Stomoxys by contarnination of the mouthparts-the finding of solid staining Myco. leprae in re latively large numbers on fe et, mouthparts and in the gut of flies would suggest that all these mechanisms could play a role in the transfer of viable organisms from nasaJ mucus or the ulcerating skin of a high1y lepromatous patient to a suitable receptor area.
It is one thing to demonstrate that an arthropod fortuitously takes bacilli into its body when feeding and something quite different to c1aim it as a vector. A vector must aJso be shown to release the bacilli in a viable form to receptor tissues. Whilst we have not thus far fully complied with this condition, the finding of solid staining bacill i and globi on the aJbumin coated slides on which Musca and Calliphora had been fe eding, shows that mechanical transfer can occur, and it is possible that the same mechanism could operate when a fly feeds on a defect in the skin of a hitherto uninfected person. Nor would this be a purely passive or random chance as the f1 ies are positively attracted to any defect of skin surface, which would thus seem to provide a potential site for the lodgemen t and possible late r multiplication of bacilli.
Whilst the in tact epidermis would not seem to provide a portal of entry for My co. leprae, implantation of bacilli in to breaks of the skin surface could allow en try of them into th e dermi s or even provide for haematogenous spread . The demonstration of contamination of the mouthparts 'of Stomoxys after fe eding on 'nasal mucus or ulcer suggests that direct inoculation by this means is possible.
Up take of bacilli was undoubtedly greatest in ali 3 species tested after fe eding on infected nasal mucus. Feeding on ulcerating highly infiltrated or nodular skin also provided many bacilli. It is likely that other ge nera of f1ies of similar fe eding habits (e.g. Fa nnia, Lucilia) would give similar results. Of less importance would seem to be the uptake of bacilli in the blood meal of Stomoxys biting intact skin of even highly positive patients with bacteraemia, because of the small number of My co, leprae in blood compared with the large number on nasal mucus or ulcer exudate. The patient with a lower BI would not seem to pose a significant risk.
ConcIusions
Whilst fu ll confirmation of these findings awaits the results of mouse foot-pad experiments, it has been shown that:
I. Flies of several genera are capable of taking up relatively large numbers of solid staining My co . leprae from infected nasal mucus and the surface of ulcerating highly infiltrated skin or nodules.
2. Both Musca and to a greater extent Ca lliphora are capable of depositing these on distant surfaces.
3. Bacilli can contaminate the mouthparts of Sto moxys after fe eding on mucus or ulcers, and this provides a possible means for direct inoculation of Myco. leprae.
4. In view of the above, the "infectious patien t" with regard to possible transmission by f1ies, is the one with positive nasal mucus or highly infiltrated and ulcerating skin.
5. Every effort should be made to control flies in and around leprosy units in order to reduce the possible risk of transportation of leprosy bacilli to the surrounding population, as welI as for obvious reasons of general hygiene.
